1. INTRODUCTION {#sec1-1}
===============

Intensive care includes all critical cares depend on the patient's life under supervision of the more experienced and more highly qualified physicians and nurses using advanced equipment and facilities ([@ref1], [@ref2]). Multiple organ dysfunction syndrome (MODS) is the last step in severely ill patients, which occurs following infection and septic shock, tissue damage, excessive hemorrhage, ischemia and severe inflammation ([@ref3], [@ref4]). Entanglement of various organs including the liver, kidney, lung, gastrointestinal system, and central nervous system (CNS) in the MODS is evident as slight to progressive damages such as pulmonary hypertension, renal failure, gastritis, pancreatitis, encephalopathy, and acid-base and electrolyte disorders. In previous studies has been indicated that the MODS has a poor prognosis and a direct relationship with the organs involved, so that mortality will be higher with more organs involved ([@ref4]-[@ref6]).

Nowadays, the standard scoring systems determine the severity of illness and the probability of mortality in patients hospitalized in the intensive care units (ICUs) ([@ref7], [@ref8]). Currently, there are different methods to predict patient outcomes, but four of them are more reliable accredited by most references, including Acute Physiology and Chronic Health Evaluation (APACHE II, III, IV), the Simplified Acute Physiology Score (SAPS), the Mortality Prediction Model (MPM) and the Sequential Organ Failure Assessment (SOFA) ([@ref7]-[@ref9]).

SOFA score (0--4 points) is determined for each one of the six organ systems (neurologic, respiratory, cardiovascular, renal, hepatic, and hematologic) ([@ref10]-[@ref12]). The advantages of the SOFA compared to the other three abovementioned methods are high discriminatory power and calibration, no need for computer software and operator, the simplicity of collecting information and low cost ([@ref10]). The three APACHE II, MPM and SAPS models are required to investigate a large number of variables (14, 15 and 17 respectively), whereas the SOFA uses only six variables. In addition, it is possible to review information on a daily basis or every 48 hours in the SOFA model, while only at the first 24 hours in the three other models ([@ref4], [@ref13]).

The SOFA is more preferable compared to three other systems by taking two principles of the accurate assessment of the mortality outcome and the ease of usability of the tool due to the high cost and the long lead-time to data collection in critically ill patients ([@ref14]). Because of serial evaluation of the SOFA score, parameters called mean SOFA (the mean SOFA scores during hospitalization) and highest SOFA (the highest SOFA score during the length of stay) are assessed, which their relationship with the morbidity and mortality has been clearly expressed in some studies ([@ref14]-[@ref15]). Benefiting from a valid indicator is essential to evaluate patients admitted to the ICU for having accurate judgment about the quality of services provided, while many hospitals use traditional methods to assess patients ([@ref8]).

Therefore, this study aimed to use and evaluate the SOFA scoring tool (the admission, mean and highest SOFA scores) in prediction of ICU mortality.

2. METHODS {#sec1-2}
==========

This prospective observational study was performed on 300 patients admitted to the ICU of a teaching hospital affiliated to the Mazandaran University of Medical Sciences (Imam Khomeini hospital), Sari, Iran in 2015. Approval of the institutional review board was obtained. The exclusion criteria were patients younger than 18 years, mortality in less than four hours in the ICU, hospitalization less than 24 hours in the ICU, cardiopulmonary resuscitation (CPR) before admission in the ICU, and readmission to the ICU. The SOFA tool was used at the admission of patients in the ICU and then every 24 hours. Functions of six vital organs were evaluated and recorded on a daily basis; as respiratory system with the PO~2~/FiO~2~, cardiovascular system with the mean arterial pressure (MAP) and the need for vasoactive drugs, hematologic system by measuring platelets levels, hepatic system by measuring total bilirubin level, neurologic system with the glasgow coma scale (GCS) score and renal system with the levels of creatinine and urine output. The SOFA score for a patient is the sum of scores of all organs. Each organ is scored from zero to four, and the total score is between zero to 24. Organ dysfunction is characterized by the scores of 1-2, and organ failure with the scores of 3-4. The daily scores were presented to physicians to be informed of the status of the organs function to start a new therapeutic strategy for the patient, if necessary. The scores at the beginning of the admission in the ICU, and the mean scores of all hospitalization days in the ICU, and the highest score during the hospitalization period were evaluated for comparison between deceased and survived patients. Moreover, demographic profile, the main diagnosis leading to hospitalization in the ICU, previous interventions, complications and hospital outcomes were recorded for each patient. Mean and standard deviation were used to describe quantitative data and the number (percentage) for qualitative variables. After describing data using central and dispersion indicators, data were analyzed using correlation between variables. ROC curve determined the best cut-off point.

3. RESULTS {#sec1-3}
==========

In this study, 300 patients hospitalized in the intensive care unit were enrolled, including 189 (63%) males and 111 (37%) females. The mean age was 44±20 years for males and 46±18 years for females, the age difference between the two groups was not statistically significant (*P* \>0.05). Sex had a significant effect on the cause of admission, so that more males were hospitalized for trauma that this difference was statistically significant (*P* \<0.0001). As shown in [Table 1](#T1){ref-type="table"}, the most common cause of hospitalization was related to trauma, with a prevalence of 37.9%.

###### 

Frequency of causes of hospitalization in intensive care unit (ICU)

![](MSM-28-343-g001)

From total amount 133 (44.3%) of cases had underlying diseases. History of underlying disease in females was more than males (*P* \<0.0001). Ninety-two of the 300 patients died. The relative frequency of mortality between males and females had no statistically significant difference (*P* =0.154). The death occurred in 55 (41.1%) patients with a history of underlying disease, while was 37 (22%) among those did not any underlying diseases (*P* \<0.0001). Twenty-six deceased patients had a previous history of hospitalization. In addition, the greatest cause of mortality in patients was trauma. One hundred ninety-five patients required intubation, which 104 (53.3%) of them survived. 30.7% of 92 deceased patients required intubation. Four patients needed re-intubation that had been done 12, 11, 5 and 4 hours later and all four patients were also in the deceased group. In terms of the need for intubation, no statistically significant difference was observed between the two groups (*P* =0.993).

The mean length of hospitalization in the ICU in deceased patients was almost 2 times of survived ones and this difference was statistically significant (*P* \<0.001) ([Table 2](#T2){ref-type="table"}).

###### 

Number of hospitalization days of deceased and survived patients in the hospital and the ICU
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The time of death after admission to the ICU was at least 1 day and maximum 33 days, with an average of 9.9±7.4 days. The admission, mean and highest SOFA scores in deceased and survived patients have been shown in [Table 3](#T3){ref-type="table"}.

###### 

The admission, mean and highest SOFA scores in the ICU patients during the study period in the deceased and survived patients
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The best estimate of mortality was related to the highest SOFA score. The discriminatory power was measured using receiver-operating characteristic (ROC) curve. The area under the curve (AUC) for SOFA scores of patients at the time of admission to the ICU (0.875, 95% CI: 0.835 to 0.915), mean SOFA (0.988, 95% CI: 0.978 to 0.999) and the highest SOFA score (0.982, 95% CI: 0.97 to 0.993) have been presented in [Table 4](#T4){ref-type="table"}.

###### 

Comparison of the sensitivity and specificity in three models of SOFA scores in estimating mortality rate. PPV: positive predictive values, NPV: negative predictive values
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All three models were able to predict patient outcomes significantly (*P* \<0.0001). As [Figure 1](#F1){ref-type="fig"} shows, cut-off point of 10.6 for the mean SOFA had the highest sensitivity and specificity in predicting ICU mortality. According to the ROC curve, the mean SOFA was the best method to predict patient outcomes, significantly better than the other two models.

![Comparison of ROC curve to predict mortality rate](MSM-28-343-g005){#F1}

4. DISCUSSION {#sec1-4}
=============

The findings of this study showed that although all three assessment models of SOFA scores were significantly able to predict patient outcomes, but the mean SOFA had the highest sensitivity and specificity compared to the other two models. The SOFA scoring system seeks the status of patients during hospitalization in the ICU. The prediction of patient outcomes and mortality by the SOFA scoring system has been started since 1986. The SOFA tool is one of several scoring systems in the ICU, which determines the extent or rate of organ dysfunction and predicts patients' mortality. This scoring is based on six different points, one each for the respiratory, cardiovascular, hepatic, hematologic, renal and neurological systems ([@ref10], [@ref14]-[@ref16]). It assists physicians, nurses and other health care providers in estimating the risk of morbidity and mortality ([@ref8], [@ref10], [@ref17]).

To the best of our knowledge, this is the first study in Iran which evaluated the association of patient outcomes with the first day SOFA, mean-SOFA, and highest-SOFA scores. In Iran, other tools have been frequently used to predict patient outcomes; for example, Fallahinia et al. used the SAPS III tool to predict patient outcomes ([@ref18]). In the present study, the mean SOFA score was the best predictor for mortality, while in other assessment models such as MPM, SAPS and APACHE, other researchers observed that the best time to estimate hospital mortality is more feasible in the first days of hospitalization ([@ref19]-[@ref20]).

In the present study, trauma was the most common cause of hospitalization in the ICU, which this rate was greater in males than females. Various geographical areas have different disease outbreaks and reasons for hospitalization. In the study of Johnson et al., the most common cause of hospitalization was the infections and lung problems ([@ref21]). In the present study, the mortality rate was 30.6%, and there was no significant difference between males and females. This percentage has been reported differently in the diverse ICUs in other studies; for example, 1 percent in a study of Raksakietisak et al. ([@ref22]), 23.9 percent by Haddadi et al. ([@ref23]), 59 percent by Vosylius et al. ([@ref24]) and 59 percent by Johnson et al. ([@ref21]).

Forty one percent of the patients died due to underlying disease, like the study of Raksakietisak et al. which the most frequent underlying diseases was related to blood pressure (38.2 %) and heart disease (28.5 %) ([@ref22]). In a study of Vosylius et al. in Lithuania, the most functional defects were the cardiovascular, renal and nervous systems ([@ref24]). In our study, the most common cause of mortality was due to trauma, but Raksakietisak et al. reported arrhythmias, hemorrhagic shock and ischemic heart disease as the common causes of mortality ([@ref22]) and Vosylius announced cardiovascular and nervous systems as most common causes ([@ref24]).

In all three models evaluated in our study, the SOFA score (admission, mean and highest) was significantly greater in the deceased group compared with survivors, which the results are in line with most of the studies carried out in the world. In the study by Vosylius et al. the SOFA score in the first and third days of hospitalization was significantly higher for the deceased patients and organ dysfunction score was significantly greater in the deceased group than in the survived patients ([@ref24]). In the study of Johnson et al. the mean SOFA score was 12±3.9 for all ICU patients. The mean SOFA score was 14.4±3.9 for medical deceased patients and 8.2±3.9 for surgical deceased patients. The highest SOFA score has progressively amplified by increasing hospitalization in the ICU. They observed poor prediction of patient outcomes due to MODS on the first day of stay in the ICU. Similar to our findings, the prediction of patient outcomes through admission SOFA is weaker than in the other two models ([@ref21]).

In the study of Haddadi et al., the mean and highest SOFA scores for the ICU patients with hospital-acquired infection during the six days of hospitalization were 8.28 and 48, respectively. The SOFA score of 12.3 with confidence interval between 2.33 and 64.91 had the best prediction ([@ref23]). Ferreira et al. said that the SOFA score on second day was more efficient than admission SOFA score ([@ref25]).

Most studies, like our work, claim poor predictive power for the admission SOFA score. Haddadi et al. reported that AUC for SOFA was 0.718 on the last day ([@ref23]). Peres Bota et al. revealed that the AUC for the admission SOFA was 0.73 ([@ref4]). Khwannimit et al. obtained 0.879 and 0.907 for the AUC of the first day and highest SOFA scores, respectively ([@ref13]) and the accuracy of the admission SOFA tool was weaker as our study. In the study of Zygun et al. in Canada, the AUC for the admission and highest SOFA were 0.67 and 069, respectively ([@ref26]).

In the study of Vosylius et al. admission, highest and mean SOFA had significant relationship with the patient mortality. They reported that the highest and admission SOFA scores greater than 11 or mean SOFA scores more than 5 predict over 80% of mortality ([@ref24]).

Majority of studies have claimed that the SOFA score has suitable discriminatory power as well as higher sensitivity and specificity in determining the outcome of patients admitted to the ICU, and they proved poor ability to accurate measurement of patient outcomes on the first day; while the discriminatory power improves with increasing duration of stay in the ICU.

It has been shown that predicting patients' outcome based on the AUC for the SOFA score on the first and third days was perfect for functioning of all organs, but the admission SOFA score was not very helpful for the analysis of patient outcomes ([@ref4]). Moreover, it has been revealed that the results of SOFA scoring have been as efficient as of Apache III models. Despite the fact that the calculation of the SOFA score is easier and it does not dependent on early diagnosis during hospitalization ([@ref27]).

5. CONCLUSION {#sec1-5}
=============

The findings of this study showed that the mean SOFA score of the patients during ICU stay had the highest sensitivity and specificity in predicting their mortality. Therefore, this criterion is a valuable indicator to better predictions of mortality and morbidity in ICU patients, which can lead to appropriate health care and therapeutic interventions in these patients.
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